Five new azacrown ethers substituted on nitrogen with (2-naphthyl)methyl, (2-quinolinyl)methyl, and (8-methoxy-2-quinolinyl)methyl groups are synthesized. Their complexation behavior towards a variety of mono-and divalent metal ions is assessed by picrate extraction.
Introduction
Since the initial publications of C. J. Pedersen on the synthesis of macrocyclic polyethers (crown ethers) and their metal salt complexation behavior, 1,2 the influence of structural variation within such ligands has received ever-increasing attention. 3, 4 One such structural variation is the replacement of one ether oxygen with nitrogen to give an azacrown ether. 5 Another is the attachment of a functional side arm to the ligand framework to provide the potential for threedimensional complexation of metal ions. Such armed crown ethers have been designated as lariat ethers. 6, 7 If the side arm attachment site is a carbon atom of the macrocycle, the ligand is called a C-pivot lariat ether. If it is a nitrogen atom of an azacrown ether, the ligand is identified as a Npivot lariat ether. In other laboratories, efficient syntheses of N-pivot lariat ethers in which phenolic and hydroxyquinoline units are attached to an azacrown ether nitrogen by a methylene group have been developed using the Mannich reaction. 8 We now report reactions of 2-(bromomethyl)-8-methoxyquinoline with azacrown ethers to provide a series N-pivot lariat ethers in which the ring size of the macrocyclic ring is systematically varied from 12-crown-4 to 18-crown-6. Examination of CPK space-filling models suggests that the oxygen of the 8-methoxy substituent or/and the quinolinyl nitrogen of the side arm unit could interact with a polyether cavitycomplexed metal ion. To provide insight into these potential interactions, condensation products of aza-15-crown-5 with 2-(bromomethyl)naphthalene and 2-(bromomethyl)quinoline were also prepared. The influence of structural variation within the N-pivot lariat ether upon the efficiency and selectivity of mono-and divalent metal ion complexation was determined by metal picrate extraction.
Results and Discussion
Synthesis of azacrown ethers substituted with (8-methoxy-2-quinolinyl)methyl side arms began with commercially available 8-hydroxy-2-methylquinoline (1) (Scheme 1). Methylation with iodomethane and NaH in THF gave 8-methoxy-2-methylquinoline (2) 9 in 96% yield. (Attempts to methylate 1 by phase transfer catalysis 10, 11 did not produce the desired product 2.)
Photochemical bromination of 2 with N-bromosuccinimide in CCl 4 gave mostly benzylic monobromination, but also some gem-dibromination product. Column chromatography afforded a 62% yield of 2-(bromomethyl)-8-methoxyquinoline (3) . Changing the reaction solvent to dichloromethane 12 or methyl formate 13 did not enhance the yield of 3.
Reaction of the appropriate azacrown ether 14,15 with 3 and Na 2 CO 3 in MeCN gave the Npivot lariat ethers 4-6 in 68-81% yields.
To probe the influence of the quinolinyl nitrogen and methoxy groups in the side arm upon metal ion complexation, analogs were prepared (Scheme 2) in which one of these two structural units was missing from the N-substituted aza-15-crown-5 ligand. Photochemical bromination of 2-methylnaphthalene (7) and 2-methylquinoline (8) produced the corresponding bromomethyl compounds 9 16 and 10. 17 Condensation with aza-15-crown-5 and Na 2 CO 3 in MeCN afforded the N-substituted azacrown ether compounds 11 and 12 in 98 and 83% yields, respectively. New ligands 4-6, 11, and 12 were isolated as oils that tenaciously retained chlorinated hydrocarbon solvents.
Metal ion complexation abilities of the new N-pivot lariat ethers 4-6, 11, and 12 were assessed by picrate extraction. 18, 19 Thus, a 5.0 mM aqueous solution of the metal picrate was extracted with an equal volume of 5.0 mM ligand in deuteriochloroform. By comparison of the UV-visible spectra at the picrate absorption maximum for the organic solution before and after extraction, the percent extraction was calculated. 
Scheme 2
N-Pivot lariat ethers 11, 12, and 5 all have aza-15-crown rings, but variation in the aromatic group in the side arm from 2-naphthyl to 2-quinolinyl to 8-methoxy-2-quinolinyl, respectively. Thus, the influence of structural variation in the side arm can be probed with this series of ligands. Results for alkali metal picrate extractions by N-pivot lariat ethers 11, 12, and 5 are presented in Table 1 . Considering first the data for extraction of hard alkali metal cations, the selectivity order for ligand 11, which has no heteroatom in the side arm, is Na
. This is consistent with a best match of the cavity size of a 15-crown-5 macrocycle by Na + in a nesting complex. 20 For ligand 12, the aryl group of the side arm has a quinolinyl nitrogen. This structural modification doubles the percent extraction for Na + and K + compared with ligand 11, while the extraction levels for the remaining alkali metal cations remain nearly the same. This suggests some participation of the quinolinyl nitrogen in a nesting complex 20 with Na + and a perching complex 20 with K + , which is too large to fit within the macrocyclic cavity. Compared with ligand 11, incorporation of an 8-methoxy substituent into the side arm in ligand 5 increased the extraction percentages for all of the alkali metal cations with selectivity order of Na For soft Ag + and Tl + , the extraction percentages are much higher than for the hard alkali metal cations. This is consistent with observations reported previously for other azacrown ethers. 21 For Ag + , the percent extractions is uniformly high (90-97%) for ligands 11, 12, and 5 and changes only slightly with structural variation in the side arm. On the other hand for Tl + , the percent extraction increases substantially for ligands 12 and 5 compared with 11 revealing an important interaction of the complexed metal ion with the quinolinyl nitrogen in the side arm.
For the divalent metal ions, weak extraction of Mg 2+ is observed with somewhat higher extraction by ligand 5 than by ligands 11 and 12. Overall higher extraction levels are noted for Pb 2+ , increasing in the order 11 < 12 < 5 as heteroatoms are introduced into the aryl group of the side arm. The extraction levels for Zn 2+ are even higher, again increasing in the order 11 < 12 <
5.
For most of the metal ions examined, the addition of an 8-methoxy substituent to the quinolinyl group in the side arm increased the extraction percentage. Only for Cu 2+ was this structural modification detrimental producing an extraction efficiency order of 11 < 5 < 12. N-Pivot lariat ethers 4-6 all have 8-methoxy-2-quinolinyl aryl groups in the side arm, but with systematic variation in the ring size of the azacrown ether ring from 12-crown-4 to 15-crown-5 to 18-crown-6, respectively. Results for alkali metal picrate extractions by N-pivot lariat ethers 4-6 are presented in Table 2 . (Although the data for ligand 5 was given previously in Table 1 , it is presented again for ease of comparison of the effect of ring size variation on the metal ion extraction efficiency.)
Considering the data for extraction of hard alkali metal cations first, the extraction selectivity order for the substituted aza-12-crown-4 and aza-15-crown-5 ligands 4 and 5, respectively, are: , very high extraction percentages are noted with both the aza-15-crown-5 ligand 5 and the 18-crown-6 ligand 6. 13 C NMR spectra were recorded with the Bruker AF-200 spectrometer with chemical shifts (ppm) reported using the center line of the CDCl 3 peak as an internal standard. Elemental analysis was performed by Galbraith Laboratories, Inc. of Knoxville, Tennessee. MeCN was purified by distillation from CaH 2 and stored over molecular sieves (5 Å). THF and pentane were purified by distillation from LiAlH 4 under nitrogen. NaH was washed three times with pentane before use. NBromosuccinimide was recrystallized from water 22 and dried. The azacrown ethers were prepared by reported procedures. 14, 15 All reactions were performed under nitrogen atmosphere.
Unless noted otherwise, reagent-grade reactants and solvents from commercial suppliers were used as received.
8-Methoxy-2-methylquinoline (2)
. To a suspension of NaH (2.17 g, 54 mmol, 60% dispersion in mineral oil) in 150 mL of THF was added a solution of 8-hydroxy-2-methylquinoline (1) (7.96 g, 50 mmol) in 150 mL of THF. The reaction mixture was stirred at room temperature for 2 h and iodomethane (7.67 g, 54 mmol) was added. The reaction mixture was heated at reflux for 72 h and evaporated in vacuo to give a residue, which was dissolved in 100 mL of CH 2 Cl 2 . The solution was washed with 5% aq NaOH (3 X 40 mL) and then with water (3 X 40 mL). The washed organic layer was dried (Na 2 SO 4 ), evaporated in vacuo, and passed through a short silica gel column with CH 2 Cl 2 -EtOAc as eluent to afford 8.28 g (96%) of 2 as a white solid with mp 119. conducted by adding 0.50 mL of a 5.0 mM crown ether solution in CDCl 3 to 0.50 mL of an aqueous 5.0 mM metal picrate solution in a centrifuge tube. The mixture was agitated with a vortex mixer of 60 sec. Five identical samples were run concurrently. The mixtures were centrifuged for 10 min to assure complete layer separation. Precisely measured aliquots were removed from each layer with microsyringes and diluted with MeCN. UV-visible spectra of these solutions were measured in the region of 340-550 nm.
